We selected appropriate projects requiring ion beam materials analysis and surface modification of materials by ion beams as undergraduate capstone projects at the Fayetteville State University Department of Chemistry and Physics. we partnered with the Army Research Laboratory to facilitate completion of these projects using their laboratory facilities. Projects highlighted in this presentation are: A) changes in the surface hardness of silica implanted by MeV ions, B) a study of carbon "grafoil" surfaces C) measurement of heavy element content on the surface of polymeric toys; and D) changes in the optical absorption properties of silica implanted with MeV metallic ions. Students were successful in completing their course requirements and learning about ion beam accelerators, analysis and surface modification by ion beams, as well as learning about many other complementary techniques.
Introduction
In this work we adopted two courses at Fayetteville State University (FSU), one "Capstone Course" and one required course for Materials Minor in the Department of Chemistry and Physics (DCP), in order to provide training through advanced materials research using ion beam modification and analysis to FSU students. Using our experience in developing an education program in Surface Modification of Materials by Ion Beam (SMMIB) and Ion Beam Analysis of Materials (IBAM) for graduate students, we developed a set of plausible research projects (Capstone) which were selected for undergraduate students in the DCP seeking a minor in Materials Science [1] .
The research topics were selected after discussion with the faculty, staff, and external research colleagues in order to meet the following requirements; A) course requirement such as selecting the most appropriate methods and analytical techniques to complete the project, B) the availability of faculty, staff, and external researchers for mentoring carefully selected undergraduate student's requirement, C) the feasibility of conducting such research within one to two semesters, D) presentation and publication requirement, E) responsiveness of the mentor and mentee requirement, and F) the availability of resources, including both funding and instrumentation.
We selected students, mentors, and projects in order to meet the timetable for completion of both materials minor course and for the capstone course at the FSU-DCP, which will be discussed in the next sections. Each student was mentored and trained in one or more of the techniques used in the following sections and the students were encouraged to choose co-investigator students, as mentioned in their final report, in order to complete their projects. To have high impact in ion beam analysis and surface modification of materials, we chose the minimum number of students for this program to be three, due to the background of the students being chemistry rather than physics, but no more than five per group to avoid dilution of the effort and maximum impact on each student. There were ten students in the materials minor capstone course, four of which were involved in the projects mentioned in this work.
Technical approach and results of each project
Research topics that were completed by FSU students during this education process were focused on Ion Beam Analysis of Materials (IBAM) and on Surface Modification of Materials by Ion Beam (SMMIB), as following;
IBAM (1): Measurement of heavy element content on the surface of toys
In this project, students were required to learn about various kinds of polymers [2] , to learn how to prepare and examine materials using an electron microprobe [3] , to learn about Rutherford Backscattering Spectrometry (RBS) [4, 5] , to learn about Electron Spectrometry Chemical Analysis (ESCA) [6, 7] , and to differentiate between applications of these complementary tools for elemental identification. The student was required to identify and secure samples of easily available children toys to analyze using RBS, ESCA, and electron microprobe. Due to time availability of some of these techniques, we were unable to examine all samples using all techniques, but all the samples were analyzed by at least by two of the techniques. Table 1 shows the elemental content of samples under investigation where all of them were investigated at least by Electron Microprobe and by RBS and three were investigated by all three techniques. The sample preparation for electron microprobe technique was much more cumbersome and time consuming, such as cutting the samples to specific sizes, polishing them, making a mold to hold the sample, cutting and polishing the mold with sample in it, while the sample preparation for RBS technique was most favored since the process is as simple as mounting the samples on the sample holder. All measurements were quantitative and the table 1 shows the elements detected using the EDS system of the microprobe compare to the elements detected by RBS and XPS. 
IBAM (2): Study of Grafoil surfaces
Grafoil is an industrial type flexible/soft sheet form of compressed natural graphite made from exfoliated mineral flake (crystalline) graphite. In this project, student was required to learn about the structure, properties, and various types of graphite, understand RBS and its applications to identify the contaminants on the surface of the grafoil coupons used for this project. We used two 0.7 mm x 0.7 mm and 0.5 mm thick grafoil coupons which were cleaned by acetone only for Rutherford Backscattering Spectrometry (RBS). Using RBS, the grafoil coupons were found to 050020-2 consist almost entire of carbon, as expected, but we also identified measurable amounts of oxygen and sodium on the surface of the test coupon. In addition to above the student was required to understand and use atomic force microscopy (AFM) to identify the location of the carbon on a grafoil coupon then coordinate their location with the structure of graphite, as shown in Figure 2 . The lines were measured to be roughly 1.4 angstrom across the width of one carbon ring, as expected, since graphite has a layered, planar structure, where in each layer, the carbon atoms are arranged in a honeycomb lattice with separation of 0.142 nm. 
SMMIB (1): Change in the optical absorption properties of MeV ion implanted silica
In this project, a student was required to learn about various types of silica and their differences, learn about materials-related applications of accelerators, about accelerating MeV ions through a tandem accelerator, learn and understand RBS, as well as learn Mie theory [8] and the applications of optical absorption spectrometry for studying nanometallic crystals in silica. We used optically polished silica glass, Infrasil 301 which is a commercial product of Heraeus Amersil, Inc. and is of known high purity, for implantation by 2.85 MeV Au ions and 1.45 MeV Ag ions at fluences between 6.6 x 10 16 /cm 2 to 1.1 x 10 17 /cm 2 accelerated by a National Electrostatics 5SDH-2 tandem positive ion accelerator. With the help of other students, the surface of the implanted regions were was studied using AFM to inspect the surface morphology change. Then we used optical absorption photo spectrometry (OAP) to study the formation of nanocrystals at various heat treatment temperatures using the extension coefficient from Mie theory [8] .
A sample RBS spectrum of one of the as-implanted Infrasil coupons bombarded by 1.45 MeV Ag ions at the fluence of 6 x 10 16 /cm 2 is shown in Figure 3 . This profile is used to verify the dose and implantation depth, and exhibits the expected Gaussian-like implantation profile. Since the extent of Ag implantation in this sample was quite low, no impact is seen on the rest of the spectrum, and we measured sharp edges for both Si and O.
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In Figure 4 , we show the optical absorption band at about 395 nm by silver nanoclusters which were formed after this implanted sample (1.45 MeV Ag ions, 6 x 10 16 /cm 2 ) was annealed at 900° C for one hour. The location of Ag absorption band in Infrasil shows a slight blue shift from that predicted by Mie theory, due to the change of the index of refraction by implanted silver which was expected. Note that the low background in Figure 4 is a result of the subtraction of the optical absorption spectra for the as-implanted coupon, in order to distinguish between the absorption caused by the nanoclusters from the general silica damage caused by ion implantation.
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SMMIB (2): Change in the surface hardness of MeV ion implanted silica
In this project the student was required to learn about ion acceleration using a tandem system, ion implantation and use of SRIM [5], about various types of silica, and about optical absorption photo spectrometry, AFM, RBS. Primarily, the student was required to study and demonstrate an understanding of hardness measurements using a Vickers' indentation technique. The objective was to help the student understand the changes in the surface morphology of Infrasil when ion implantation and subsequent annealing are used to induce the formation of metallic nanocrystals. This project allowed the student to learn about various stresses that are induced by the ion implantation and annealing processes, which can lead to the formation of complex defects. The student also, gained an understanding of the changes that are introduced during the different experiment stages, and discuss the role that they play in the overall function and durability of the materials and devices.
Indentation measurements were made on pristine Infrasil silica, the same material after implantation by MeV ions, and after annealing and nanocluster formation at various temperature. Using AFM, we showed that ion implantation significantly increased the surface roughness of the material, but after annealing at elevated temperatures of 900° C to 1150° C the surfaces were smoother, visually. Changes in the hardness and surface exfoliation were also found to depend on the implantation. For example, an Infrasil coupon was implanted by 2.85 MeV Au at about 9 x 10 16 /cm 2 and its hardness vs. depth was measured using the step-load Vickers test with a maximum load of 1000 mN. Similar observation was found for 1.45 MeV Ag implanted Infrasil at 6.36 x 10 16 /cm 2 , where the hardness is high at the surface, then dropped until the implantation depth, then an anomalous behavior was observed at a range of two to four times the range of implantation, but this anomalous behavior depended on the particular ion implanted, the energy of those ions, and the fluence, as shown in Figure 6 . This anomalous behavior at 2x to 4x the implantation depth has been reported as "beyond implantation range hardening" in some materials, but the mechanism in this particular case, if it is not simple measurement variation, is unclear. Figure 6 , Hardness vs. depth in micrometer and with 1000 mN maximum load for 1.45 MeV Ag implanted Infrasil.
Conclusions
In this program, we selected a variety of projects for student capstone projects based on student interest, available facilities, and reasonable goals for the time commitment available. Students were successful in completing their course requirements and learning about ion beam accelerators, analysis and surface modification by ion beams, as well as learning about many other complementary techniques. In general, we found that in such projects/courseswhich require a fairly broad understanding of chemistry and physics, including ion beam analysis, surface modification of materials by ion beam techniques, and various other measurement techniques -especially for undergraduate students, it is important to build working teams with a single student as the lead and others as contributors to broaden the academic knowledge and the workload.
